Due to high cost of protein relative to other major nutrients, as part of search for cheaper alternative source for good quality protein for dietary purposes, we evaluated Detarium senegalense seed meal by comparing growth performance, tissue and reproductive toxicity markers in rats with those on soybean. Defatted Detarium senegalense (DDS) ground seed powder was used for feed formulation for test animals while the control group had soybean as protein source for eight weeks. Maximum percentage protein was 19% for all compounded feeds, soybean diet feed rats served as control (T1), T2 had 19% DDS only, while T3 -T6 had 16%, 12%, 8% and 4.8% DDS and protein content was made up to 19% using soybeans. Body weights, lipid profile, markers of liver toxicity, lipid peroxidation, sperm morphology and characteristics as well as tissue histology (liver, kidney and testes) were examined using standard methods. Whole seed residue, DDS seed flour and control diets (soybeans) were analyzed for proximate content. DDS seed residue-based diet (T2) caused decrease in both body and organ weights compared to control rats (T1). DDS residue-based feed caused increase in liver protein concentration while kidney protein content decreased except in groups T5 and T6 on 8% and 4.8% DDS residue. There was no significant variations (P > 0.05) in sperm viability but there was a significant (P < 0.05) decrease in sperm count in group T2 compared to control (T1). Statistically significant morphological changes were observed in head less tail, bent tail, curved tail and bent mid-piece. DDS elicited increase in serum total cholesterol, HDL-c and LDL-c in all test groups compared to control but caused decrease in triglyceride in T2. Serum urea level, AST and ALT were higher in T2 relative to control rats. Histopathological examination showed evidence of liver tissue damage but none in the kidney and testes.
INTRODUCTION
Adequate nutrition plays a crucial role in both maintenance of good health and longevity as there are hundreds of thousands of people, including children whose health becomes fragile due to the insufficiency of some food nutrients (WHO, 2000; WHO, 2003) . Sufficiency in nutrient intake, especially of protein foods, fruits, vegetables and nuts seems to be governed by household affordability strength and the most vulnerable group are infants and pregnant/lactating mothers (Nkafamiya et al., 2006) . Tropical seeds, either wild or cultivated offer a convenient but cheap means of providing nourishments in terms of vitamins, minerals, lipid, protein and carbohydrate content, especially in rural populations (Glew et al., 2005) .
The value of the crude protein in Deterium senegalense is relatively low (about 12 g/100 g) seed powder but with correspondingly high protein values (Onyechi et al., 2007) . Thus, the seeds have high food energy and can be used to supplement the daily energy intake. Detarium senegalense JF Gmelin (Caesalpinaceae) is a tree reaching height of about 36 m with buttressed bole and it is native to Tropical Africa. The common name is tallow tree and in South East of Nigeria, it is known as Offor. All parts of the tree are useful traditionally. Offor leaves are eaten as vegetable and are used locally as eye wash for conjunctivitis, enema for dysentery and wash for itch. The seeds are used as a thickener for soups and stews in Eastern Nigeria. They are given in the case of arrow poisoning. It is also used locally for the treatment of skin diseases (Sowemimo et al., 2001) .
Anthocyanidin alkaloid (2-methoxyamine 3, 4, 5, 7-tetrahydroxy anthocynadine) with antibacterial activity has been isolated from the stem bark (Okwu and Uchegbu, 2009) .
The fruits pulp is rich in vitamins (Diop, 2011) . Soluble dietary fiber present in it is in the form of mucus, lignans and a water soluble non-starch polysaccharide has been reported in seed flour of the plant (Al-Shahib and Marshal, 2003) . Incorporation of the seed flour into two meals, stew and bread in human study elicited lowering of blood glucose level in normal subjects and gum from the seed has been reported to have promising antidiabetic properties in rats (Adikwu et al., 2004) . The thermophysical properties of the seed powder have been reported (Akinbode et al., 2012) . The proximate analysis of the seed flour has been reported (Akpata and Miachi, 2001; Sowemimo et al., 2011) and the seed has been shown to be rich in carbohydrates and other nutrients.
The objective of this work was to evaluate the nutritional quality of DDS and compare it with soybeans in animal feed experiment. This paper reports for the first time, the nutritional evaluation of the DDS seed residue meal on growth, markers of both hepatotoxicity and nephrotoxicity, lipid peroxidation, tissue antioxidant levels, sperm counts and morphology as well as histopathology of liver, kidney and testes in male rats.
MATERIALS AND METHODS Source and preparation of DDS plant food
The mature seeds were purchased from Ojoo market, Ibadan and identified at the Herbarium of the Department of Botany, University of Ibadan, Ibadan Nigeria. The air dried seeds were ground using harmer mill in Department of Pharmacognosy, University of Ibadan and was defatted by subjecting it to Soxhlet extraction using nHexane for 6 hours in the Nutrition/Industrial Biochemistry Laboratory, University of Ibadan, Ibadan to obtain the defatted residue. This was dried in oven and stored for the formulation of animal feed.
Feed formulation using DDS seed residue
Normal protein diet was prepared using soybean (19%), whole maize flour (Zea mays) (55%), corn starch (16.4%), palm oil (5.2%) and salt/vitamin mix (4.4%) was from SigmaAldrich Co. Ltd., Poole Dorset, UK. Same ingredients were used for test protein diet except soybeans was replaced with defatted Detarium senegalense residue which varied from 19%, 16%, 12%, 8% and 4.8% while the difference was made up using soybeans. Protein composition was 19% for all formulated feeds. Components of the mineral mix (Vitamin A 15, 000, 000 iu, vitamin D3 4, 4000, 000 iu, vitamin E 1, 350 iu, vitamin K 4, 350 mg, vitaminB2 4, 350 mg, vitamin B6 2, 350 mg, vitamin B12 11, 350 mg, vitamin C 1,000 mg, nicotinamide 16,700 mg, calcium patothenate 5,350 mg, sodium sulphate 212,000 mg, KCl 87,000 mg, MgSO 4 12,000 mg, ZnSO 4 12,000 mg, MnSO 4 12,000 mg, Lysine hydrochloride 15,000 mg, Methionine 10,000 mg, Excipients QS 1,000 mg) distributed in Nigeria by Polons Agro Investment Limited and the different components of the diet were thoroughly mixed, made into pellets for easy handling by animals. Prepared feed was thoroughly oven dried to prevent mold growth and was stored in air tight bags at 4 °C to prevent microbial contamination and auto-oxidation of the oil (Oladiji et al., 2010) .
Proximate analysis of the feeds
Feeds were analyzed for ash and mineral content using muffle furnace at 550 °C for 4 h. Moisture content was determined by drying in the oven at 100 °C until a constant weight was obtained (at least 24 h). Total dietary fiber was determined by an enzymatic gravimetric method, crude oil content was assayed by extraction with nhexane in a Soxhlet extractor and nitrogen was determined by standard micro kjeldahl method using a digestion apparatus (AOAC, 2005) . The crude protein content was thereafter calculated by multiplying nitrogen content by a factor of 5.71, which takes into account the non-protein nitrogen and has been approved for calculating the crude protein content. Moisture content was determined by drying to a constant weight at 100 °C for 24 h.
Animals and dietary treatments
Thirty six male albino rats (Wistar strain) weighing between 60 g and 80 g were obtained from the animal house in the Department of Veterinary Physiology, University of Ibadan. On arrival, the rats were transferred and allowed to acclimatize for two weeks, been maintained on the standard normal diet (Ladokun Feeds, Ibadan) with water ad-libitum in the Biochemistry Department animal house under normal room temperature before the commencement of the experiment. Animals were distributed randomly into six different groups of six animals each. The control group received normal protein diet and the remaining five groups were fed experimental diet compounded using varying percentages of DDS seed residue. Group 1: Rats were fed normal protein diet daily for two months while groups 2-6 were fed compounded diet using 19%, 16%, 12%, 8% and 4.8% seed residue respectively for eight weeks.
Sample collection for biochemical analysis
Animals were sacrificed by cervical dislocation and blood was obtained using 2 ml syringe by cardiac puncture into clean bottles and allowed to clot. These were spun at 3000 rpm for 10 minutes; the supernatant (serum) was removed and stored at 4 °C. The liver and kidney were quickly removed, weighed, washed with 1.15% KCl, homogenized in 56 mM Tris-HCl buffer (pH 7.4) containing 1.15% potassium chloride and the homogenate was centrifuged at 10,000 rpm for 15 minutes to obtain post mitochondrial fraction (PMF) at 4 °C.
Biochemical analysis
The concentration of protein in the serum and PMF was determined using the method of Lowry et al. (1951) with bovine serum albumin (BSA) as standard. The extent of lipid peroxidation was determined by estimating the thiobarbituric acid reactive substances (TBARS) formed following the method of Varshney and Kale (1990) . Superoxide dismutase (SOD) activity was assayed using the method of Misra and Fridovich (1972) . The tissue homogenate (0.5 ml) was mixed with ethanol and chloroform mixture, and then centrifuged. To the supernatant, 0.025 M sodium pyrophosphate buffer (pH 8.3), phenazine methosulphate, nitroblue tetrazolium and NADH were added and incubated at 30 °C for 90 seconds. The reaction was stopped by the addition of glacial acetic acid and mixed with n-butanol. The intensity of the chromogen in the n-butanol was measured at 560 nm. Microsomal catalase (CAT) activity was determined by using hydrogen peroxide, briefly, the reaction mixture contained phosphate buffer (0.01 M, pH 7.0), tissue homogenate and 2 M H 2 O 2 . The reaction was stopped by the addition of dichromate-acetic acid reagents (5%potassium dichromate and glacial acetic acid were mixed in a ratio of 1:3) (Claiborne, 1989) . Cholesterol was determined according to the method of Richmond (1973) by absorbance measurement at 490 nm when cholesterol reacts with FeS0 4 in glacial acetic acid is treated with H 2 SO 4 . Triglycerides were estimated after enzymatic hydrolysis with lipases by measuring quinoneimine formed from hydrogen peroxide, 4-aminophenazone and 4-chlorophenol under catalytic influence of peroxidase. Serum creatinine level was estimated by the method of Bartels et al. (1972) by the amount of coloured complex formed with picric acid at 492 nm. Serum urease was estimated at 546 nm using the amount of urea in serum that is hydrolyzed to ammonia by urease (Fawcett et al., 1960) . Enzyme parameters for aspartate aminotransferase (AST) and alanine amonitransferase (ALT) were assayed by the method of Reitman and Frankel (1957) .
Sperm analysis
Sperm analysis was done include motility, live-dead count, sperm morphology and concentration. Sperm motility was done by microscopic examination using drop of semen incubated using Tris/citric acid/fructose medium. Semen suspension stained with 1% eosin B and 5% nigosin was examined under the microscope and percentage of stained and unstained cell was estimated. Sperm morphology was studied under the microscope at high magnification and estimation of daily sperm count was done using heamacytometer.
Statistical analysis
Values were expressed as the mean ± S.D of six animals. Data were analysed with one-way analysis of variance (ANOVA). Thereafter, the post-hoc Duncan multiple tests for analysing biochemical data using SPSS (10.0) statistical software were done. P values < 0.05 were considered statistically significant.
RESULTS

Proximate analysis
The results obtained for proximate analysis of soya bean, DDS and the nondefatted DS seed flours are shown on Table 1 . Soybean protein had 17.78% crude protein content and this was about 4% higher than those from non-deffated and DDS. The percentage protein in non-deffated and DDS were approximately the same. The nondefatted DS seed flour had approximately 8% fat higher than the DDS while DDS had approximately 7% carbohydrate higher than the non-defatted DS, protein content was similar in both but DDS had slightly more ash and fibre content.
Body and organ weights
Changes in body weight caused by feeding animals with soya bean and varying percentages of DDS feed for twenty eight days is shown on Table 2 . All animals on test diets gained weight with the animals on 19% DDS (Group T2) having the least increment with 41% and T6 with only 4.8% DDS had the highest with 69% increase in body weight. T6 rats had slightly enlarged liver. T5 and T4 on 12 and 8% DDS augmented to 19% using soybean powder had similar increase in body weight as control rats (T1) but liver and kidney weights were slightly lower. quality  and  morphological  characteristics  Tables 3 and 4 respectively have data obtained for sperm quality and morphological characteristics on rats after twenty eight days feeding on DDS. Sperm motility was lowest in animals in groups T2 and T3 but there were no significant (P > 0.05) differences in the groups. The live/dead cell count were similar in all test animals, however the sperm count was significantly (P < 0.05) lower in T2 on 19% DDS compared to T1 on 19% soybean. T2 had significantly (P < 0.05) increased bent tail, T2 and T3 had significantly increased curved tail while only T4 has significantly increased bent-mid piece. T6 had significantly (P < 0.05) lowered head less tail compared to both T1 and T2. Generally, all test animals on DDS or DDS supplemented feeds had more total abnormal sperm cells compared to control (T1).
Sperm
Effect of DDS feeding on oxidative stress parameters
Liver and kidney tissue markers of oxidative stress are shown on Tables 5 and 6 respectively. Feeding rats 19% DDS diet for twenty eight days caused over 200% increase in GSH, 250% increase in GST and 50% increase in GPx. Rats in group T6 on 4.8% DDS had similar liver GPx values as T1 on 19% soya bean (Table 5) . SOD was only slightly increased but T4-6 had lower SOD levels while in T6 it was significantly decreased compared to T1. CAT levels were lower in rats on DDS compared to T1 but kidney CAT levels in T2 was higher than those of rats on lower percentage of DDS in their feed. MDA increased in the liver of rats on DDS diet, T6 and T1had similar MDA values but in the kidney MDA vales decreased when compared to T1. Table 7 has data for lipid profile parameters and protein concentration in liver and kidney. Triglyceride (Tg) increased significantly in T1, there was over 200% decrease in serum Tg in group T2 rats on 19% DDS diet. Other rats on DDS had lower serum Tg values compared to T1. Total cholesterol increased significantly in T2 and T3 on 19 and 16% DDS respectively, while only T5 had significantly decreased total cholesterol levels compared to T2. HDL-c was almost 100% higher in T2 compared to control and T2 had the highest HDL-c values n the treatment groups. LDL-c was significantly increased in all rats on DDS compared to T1. Liver protein concentration increased in T4-T6 but the kidney protein concentration decreased from T2-T5.
Effect of DDS feeding on serum lipid profile parameters and tissue protein content
Effect of DDS feeding on markers of Tissue toxicity
Effect of DDS feeding on markers of tissue damage: Data obtained for serum markers of tissue injury are show on Table 8 . AST increased in T3-T6 compared to T2 and T1. ALT decreased in T2 but not significant, however, it was higher significantly in groups T3-T6 compared to T2 and T1. Serum urea levels increased by over 100% in T2 compared to T1 and were much higher in groups T3-T6 respectively.
Tissue histopathology changes caused by DDS feeding
Photomicrograph of liver, kidney and Testes of rats on DDS feeding for 28 days: Photomicrograph of haematoxylin and eosin stained liver, kidney and testes sections are shown in Figures 1, 2 and 3 respectively. There were no visible lesions in T1 liver, but T2 had portal congestion and mild cellular infiltration. There was diffuse vascular congestion and mild portal congestion in the other groups but all groups of animals had kidney and testes tissues with no visible lesions. 
DISCUSSION
Detarium senegalense has been implicated as a good source of nutrients with high protein content and it is commonly used as soup thickener and this informed us to investigate the effect of continual consumption of the defatted seed residue in male Wistar rats for eight weeks. The proximate analysis (Table 1) DDS residuebased diet had lower protein content compared to the control diet (Soybeans) by approximately 5% (Group T2), hence we had formulated diets with different percentages of DDS (16%,12%,8% and 4.8%) augmented with soybean for animals in groups T3, T4, T5 and T6, so as to evaluate the effect of supplementation as well. Proximate analysis only provides information on the estimated amount of carbohydrate, crude lipid, crude protein, crude fiber, ash and moisture content in the diet but biochemical utilization of the feeds in the body. Biochemical constituents of serum, tissue and tissue histology could be used to assess the quality of the nutrients present in the diets. D. senegalense is richer in carbohydrate than soybean and fat content of whole soybean flour is higher than that in the DDS seed residue. There was no loss in psychomotor activity, no deaths in the eight weeks feeding duration and there were no changes in feed pattern in both control animals and those on DDS in this study. Animals were allowed free access to water and food and both activities increased with increasing age of rats. Water is an essential macro nutrient to life since it is the most and has been shown to be necessary for growth and development. Any factor influencing water intake will also affect feed consumption (Oladiji et al., 2007) . Intake of feed and water increased in all groups of animals in this study and enhancement in water intake will also increase feed consumption which is an indicator of acceptability of feed to the taste and appetite of the animals.
Test diet using D. senegalense had approximately 4.5% and 1.5% lowered protein and fat contents respectively compared to soybeans. The result of proximate content, especially for protein is at variance with Sowemimo et al. (2011) who obtained percentage protein of 7.23%. However, the dehauled seed has been reported to have 37.1% crude protein and 15% crude fat (Akpata and Miachi, 2001 ). Species differences, handling and environmental factors might have contributed to this disparity. Furthermore, there was a significant decrease in final body weights of rats fed test diets for eight weeks, especially at the highest percentage of tested diet (19%) T2 compared to control (T1) ( Table 2 ). We observed a 62% increase in the body weight of rats fed with soybean compounded feed (T1) control group compared to 19% DDS seed residue based feed group T2 with only 41% increase in body weight, despite the animals having similar weights at commencement of feeding experiment. Absolute kidney weight was reduced in T2 on the highest percentage, indicating that DS is not nephrotoxic (Saramma and Padmaja, 2013) . Similarly, the liver weight was significantly decreased in T2 compared to control. This might be attributed to reduced body weight increase in DDS seed residue fed rats for based feed as well as the lowered protein content of DDS feed compared to soybean (Table 1) . Furthermore, animals in T3 to T6 which had 16%, 12%, 8% and 4.8% DDS seed residue feed augmented with soybean flour had increased body weight, with T6 having the highest body weight gain and visceral organs also increased. Fat content of the 19% soybean flour diet was also slightly increased compared to defatted seed flour (Table 1) and fats might increase absorption of protein and other nutrients (Matos et al., 2005; Hartvigsen et al., 2007) . DDS seed residue-based diet for eight weeks did not significantly affect in percentage viability and motility of sperm compared to control on soybean flour based diet but there was a significant decrease in sperm count of group T2 rats wholly on DDS seed residue as protein source, while slight reduction was observed in the animal groups whose diet was supplemented with soybean flour (Table 3 ). The more statistically observed variations in sperm morphology were headless tail, bent tail, curved tail and bent mid piece and these were increased in groups T2 to T6 on DDS seed residue based diet for eight weeks. Oxidative stress has been implicated in the aetiology of defective sperm function through induction of plasma membrane peroxidative damage (Sharmaa and Argawal, 1996; Agarwal and Saleh, 2002; Vernet et al., 2004) .
DDS seed residue feeding for eight weeks in this study elicited oxidative stress in the liver (Tables 5 and 6 ). There was significant increase in values of GSH, GST and GPx in the liver, elevated values in CAT, SOD and MDA n the liver tissue, while there was significant decreased in the kidney. Lipid peroxidation, measured in this study by assaying MDA is a well-established mechanism of cellular injury in both plants and animals, and is used as an indicator of oxidative stress in cells and tissues (Adejuwon et al., 2014; Owoeye and Farombi 2015) . When this process occurs in biological membrane, obviously alteration of structural, organization and enzyme function may result. The noticeable increase in the activities of the liver GSH, GST, GPx, CAT, SOD levels in all the treated groups may be due continual DDS feeding for eight weeks eliciting oxidative stress in the liver and the activities of the respective antioxidant increased to counteract it. GSH is one of the antioxidant enzymes that act as the first line of defence against prooxidant stress. In the kidney, DDS feeding extracts improved the antioxidant status considerably as reflected by low MDA and decrease in the antioxidants measured.
There was an insignificant elevation of serum total cholesterol (TCHOL), significant increase in both low and high density lipoprotein (LDLc and HDLc), and a significant decrease in triglycerides in the DDSR fed rats. Elevated levels of LDLc have been pointed out as one of the risk factors for the development of atherosclerosis and related cardiovascular diseases (Getz and Reardon, 2006) . Furthermore, a high serum triglyceride level is also an important risk factor as it influences lipid deposition in the blood vessels and clotting mechanisms (Harnafi et al., 2009 ). In the other test groups on varying proportions of both test diet and soybean, the animals had elevated triglyceride levels, lowered HDLc compared to T2. LDLc was higher in groups T3 and T4 with 16% and 12% DDS seed residue based diet and this was significantly higher compared to control. Alterations in levels of serum lipids in animals offer information on the effect of diet on lipid metabolism as well as predisposition to coronary heart diseases (Visavadiya and Narasimacharya, 2005; Abolaji et al., 2007; Nwozo et al., 2011) . Serum total cholesterol level of the animals on 19% DDS seed residue based feed was increased, while HDLc was significantly increased in the same group (T2). HDLc is essential in the transportation of cholesterol from tissues to the liver where it is metabolized (Lacko et al., 2000) and it is considered as good cholesterol with antiatherogenic properties. HDLc constitutes a protective factor against cardiovascular diseases. Thus, the increase in HDLc and decrease in triglyceride levels of the animals fed with DDS seed residue based feed for 8 weeks could reduce susceptibility to cardiovascular disease. Serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and urea levels are shown on Table 5 . AST and ALT are useful biomarkers to predict possible tissue toxicity. Transaminases play an important role in protein and amino acid metabolism in hepatocytes and striated muscle cells and biochemical regulation of amino acid pool by providing necessary intermediates for gluconeogenesis. However, when cells are injured or necrosis occurs, these enzymes may leak or escape from these cells into the blood stream, where their present activities are consequently increased. Therefore, the determination of these transaminases in the serum is often used as one of the essential marker of liver damage (Rahman et al., 2001; Shahjahan et al., 2004) . This is because they are cytoplasmic in location and are released into circulation after cellular damage (Saramma and Padmaja, 2013) . Serum AST was slightly reduced, while ALT was significantly decreased in T2 but both parameters were significantly elevated in both control and other groups on both soybean and DDS seed residue feed groups for 8 weeks. These observations imply alterations in integrity of membrane and result in the escape of these enzymes from the cytosol into cellular flow. Alterations in the activity of AST and ALT would affect amino acid metabolism and biochemical regulation in the animals. Haemolysis from tissue damage could result in high levels of free haem causing undesirable toxicity, organ or tissue damage, cellular injury and increased oxidative stress. In a bid to prevent these, damage, free haem is degraded to excretable product such as urea. Low serum protein was observed in the DDS seed residue fed rats compared to control and this could be due to lower protein content of compounded feed, poor feed intake and utilization. Urea was significantly elevated in animals on DDS seed residue-based diet compared to control after 8 weeks continuous feeding.
Urea is an antioxidant and high level as observed in DDS seed residue fed rats may be a mechanism for the neutralization of oxidative stress caused by continual intake of formulated seed for eight weeks. This result was further supported by histological assessment (Figures 1, 2 and 3) for liver, kidney and testes respectively. There was tissue damage in the liver, while the kidney and testes report obtained no visible lesions seen, thus showing normal tissue morphology and no damage.
Although the consumption DDS seed residue continual feed for 8 weeks caused increase in body weight which was lower compared to soybean, it might be valuable for weight management. DDS did not cause alterations of the plasma membrane and consequently, leakage of cytosolic enzymatic antioxidants; it however produced oxidative stress, with increase in both enzymatic and non-enzymatic antioxidant. In addition, the DSS seed residue feeding repeatedly consumed for 8 weeks has the tendency to positively affect the cardiovascular system of the animals with reduced tendency to heart disease as evidenced from serum lipid. There was no significant effect on sperm viability and motility but it produced a significant decrease in sperm count and total abnormal sperm cells which could have implications on reproduction. Thus, DDS seed residue continual consumption for 8 weeks may not be altogether safe as evidenced from liver tissue histopathology report.
Conclusion
DDS continual ingestion for eight weeks is not safe compared to soybeans in animal feed formulation as evidenced by liver tissue histology, decreased sperm count and oxidative stress.
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